The studies over the past 20 years have convincingly demonstrated that genetic engineering becomes a highly effective tool of the genetic improvement of cultivated plants. The reality is that genetic engineering has become one of the method for breeding different crops, which allowed to create a significant number of cultivars and lines, resistant to biotic and abiotic stresses, with im-proved quality of final products, increased photosynthetic and nutrient-use efficiency (https: //www.isaaa.org/gmapprovaldatabase/).
Among the various methods of genetic engineering, Agrobacteriummediated plant transformation is considered the most effective and least costly approach in obtaining transgenic plants. For a long time, this technique has been poorly used for cereal crops, for which the expensive ballistic transformation served as the only actual way of transgenesis. However, improvement of methods for regenerating cereal plants in tissue culture and the development of various protocols for Agrobacterium-mediated transformation [1, 2] greatly facilitated the production of transgenic plants in cereals, significantly expanding the possibilities of using genetic engineering in plant breeding of such an important group of crops.
Among the most promising areas of genetic engineering is the creation of transgenic plants, which are improved nutritionally via the changed composition of grain storage proteins. These investigations are particularly relevant for cereals being the main source of food and feed protein. It is known that up to 50 % protein (or up to 70 % in developing countries) and up to 65 % of calories humans receive from cereals, in which the storage proteins account for up to 80 % of the total protein content in the mature seed [3] [4] [5] .
The article provides an overview of studies on the production of transgenic cereal crops with modified composition of storage proteins. We investigated the possibilities of using these plants for the study of protein bodies and the formation of endosperm, as well as creating lines with a higher nutritional value. F r a c t i o n s o f g r a i n s t o r a g e p r o t e i n s i n c e r e a l s. According to the widely used classification by T.B. Osborne, storage proteins are divided into albumin (water-soluble), globulin (salt-soluble), prolamine (spirit-soluble), and glutenin (alkali-soluble) fractions [6] .
In bread wheat (Triticum aestivum L.), the major cereal crop, storage proteins are represented by glutenins (50 % of the total pool of endosperm proteins) and gliadins (30 %) . Glutenins are polymer complexes, which define elasticity of flour, composed of subunits with high and low molecular weight (HMW and LMW, respectively). Bread wheat contains closely linked pairs of genes that encode X-and Y-types of subunits, forming HMW proteins, and are located on the long arm of chromosomes 1A, 1B and 1D. Gliadins consist of -, -and -fractions with different electrophoretic mobility [7] . Gliadins are regulated by closely linked gene clusters, called blocks, which are located in the chromosomes 1 and 6 [4, 8] .
Prolamins are the main storage proteins in corn Zea mays L. and sorghum Sorghum bicolor (L.) Moench. Fractions of maize prolamin (zeins) are -(19 kDa and 22 kDa), -(15 kDa), -(50 kDa, 27 kDa, 16 kDa) and -(18 kDa and 10 kDa) zeins, whereas -zeins in the endosperm of maize kernels account for up to 70 % of the total protein pool [5, 6] . Zeins contain small amounts of valuable amino acids such as lysine, threonine, tryptophan, and therefore having a low nutritional value. In 1960s, the opaque-2 (o2) and floury-2 (f l2) corn mutants were obtained with a reduced content of -zein, in the endosperm of which a significant amount of non-zein proteins rich in lysine was accumulated, and an increased content of free lysine and tryptophan was also observed [6] . The kernels of these mutants, however, contained no vitreous endosperm, and that increased the fragility of the kernels, their susceptibility to infection with fungal microflora, and, ultimately, hindered the commercial use of such mutants. Later, recombinants with vitreous endosperm and a high content of lysine (QPM, Quality Protein Maize) have been obtained. In these, a compensatory synthesis of non-zein proteins rich in lysine occurred in the kernels, along with an increase in the -zein content [6, 9] .
Similarly to corn, sorghum prolamine fractions (kafirins) were designated as -(25 kDa and 23 kDa), -(18.7 kDa) and -kafirins (28 kDa) [10] [11] [12] . Data on molecular weight of -kafirin disagreed in different studies, 28 kDa [10] or 20 kDa [13] . According to the last published classification, sorghum kafirins are represented with six proteins, such as -kafirin 1 (25 kDa), -kafirin 2 (22 kDa), -kafirin (19 kDa), -kafirin 1 (27 kDa), -kafirin 2 (50 kDa), -kafirins (18 kDa), with the -kafirin fraction amounting up to 80 % of the total amount of kafirin proteins [14] .
Prolamins synthesized in endosperm cells are deposited in highly specialized organelles, i.e. protein bodies with a well-ordered structure [5] . Protein bodies are formed as the endoplasmic reticulum vesicles. First, -and -prolamins accumulate in these vesicles, and then -and -prolamins begin to accumulate, while -and -prolamins are pushed away to the outer layers. Such an organization of protein bodies is considered as one of the major causes of a lower nutritional value of sorghum grains as -kafirin occupying a peripheral position is highly resistant to proteolytic degradation, thereby preventing the digestion of the major storage proteins, i.e. -kafirins [15, 16] .
Storage proteins in rice (Oryza sativa L.) are represented by prolamins and glutelins. Prolamins are divided into three subclasses: 10 kDa, 13 kDa (13a-1, 13a-2, 13b-1 and 13b-2) and 16 kDa. Prolamins 13a-1 and 13a-2 belong to proteins rich in cysteine, while 13b-1 and 13b-2 are cysteine-deficient. Genes encoding prolamine 13b-2 exist in 18 copies, genes of the other prolamins have a lower copy number (2 to 4 copies per genome) [17] .
Prolamins and glutelins in the endosperm of rice kernels are deposited in the protein bodies. Protein bodies containing prolamine have a spherical shape, 1-2 microns in size and an inner structure with concentric circles of different electron density; protein bodies containing glutelin are irregular in shape, 3-4 microns in size and uniformly coloured [18, 19] . It has been established that prolamine 10 kDa is located in the centre of the protein body, prolamins 13a and 16 kDa are found in the middle layer, while prolamine 13b forms the surface layer and the lining between the inner layer and the middle layer of the protein body [17] .
T r a n s g e n i c p l a n t s w i t h a d d i t i o n a l s t o r a g e p r o te i n g e n e s. Development of genetic transformation has opened the possibility of using genetic engineering techniques to modify the composition of storage proteins in cereal crops. To solve this problem, different approaches are used such as the introgression of genes regulating synthesis of storage proteins, which are absent in the recipient cultivars; the introgression of genetic constructs that induce RNA silencing of genes encoding proteins with a low nutritional value or reduce the degradation of other proteins by proteases; the introgression of genes regulating amino acid synthesis.
To date, the literature contains a considerable number of reports on the introduction of genes of various high molecular weight glutenins (1Dx5, 1Ax1, 1Bx17, 1By18, 1Dy10, etc.) in the genomes of different lines and cultivars of bread wheat. The studies resulted in obtaining transgenic lines with improved quality of flour, increased dough rising potency and elasticity [20] [21] [22] [23] [24] . In addition to practical value, these works allow understanding the role of individual genes of high and low molecular weight glutenins in flour quality. Thus, a decline in the SDS-sedimentation index and flour strength was observed in transgenic bread wheat lines with enhanced expression of low molecular weight glutelin genes [24] . Simultaneous expression of three genes of HMW-GS, i.e. 1Ax1, 1Dx5 and 1Dy10, increased the flour rising potency, with much more pronounced effect of gene 1Dy10 compared to 1Ax1 and 1Dx5 [25] .
There have also been reports on durum wheat transgenic plants with genes 1Ax1 or 1Dx5 encoding high molecular weight glutenins [26] . Among 10 transgenic lines which were obtained by the ballistic transformation of immature embryos from three cultivars and a line of Triticum turgidum L. var. durum, five ones demonstrated the expression of introduced transgenes. An analysis of the flour mixogram based on the grains from three transgenic lines has revealed the elevation of dough rising potency and stability, which indicates the possibility of using genetic transformation technique to improve the quality of durum wheat grain.
In a similar work done on other cultivars of durum wheat, the transgenic lines with bread wheat genes 1Dx5 and 1Dy10 encoding high-molecular glutenins also were obtained [27] . However, it is notable that transgenes and a marker gene (bar) in one of the lines appeared to be located on different chromosomes, so as the segregation resulted in isolation of a markerless transgenic line expressing gene 1Dy10. The flour from obtained transgenic lines had improved kneading properties.
Durum wheat transgenic plants with genes encoding high molecular weight glutenins LMW-GS [28] have also been obtained, and as a result a transgenic line with enhanced flour strength was developed [29] .
Taking into account the possible negative effects of the marker gene bar on human health, efforts have been undertaken to obtain markerless transgenic plants of bread wheat with extra storage protein genes [30] . In this study, PCR was used to select transgenic plants with the gene 1Bx14 encoding a high molecular glutenin subunit. Seven transformants (transformation frequency 0.28 %) have been identified among 1219 plants, with three of them demonstrating the transgene expression in the T 1 generation.
Noteworthy experiments were reported in which high molecular glutenin genes were transferred into the genomes of other cereal crops. Thus, it has been reported about a transgenic line of rye (Secale cereale L.) with bread wheat glutenin genes Glu-1DX5 and Glu-1Dy10, which boasted 2-to 3-fold increase in the gluten content [31] . Transgenic plants of corn and sorghum with genes Glu-1DX5 and 1Dy10 introduced in their genomes, respectively, have also been developed, and these genes showed specific expression in the endosperm [32, 33] .
U s i n g R N A i n t e r f e r e n c e t o c h a n g e t h e c o m p o s i t i o n o f s t o r a g e p r o t e i n s. The RNA interference technique is known to be based on destructing mRNA of the target genes via genetic constructs containing inverted repeated sequences of these genes' fragments. The mRNA transcribed from such structures forms a hairpin structure. The resulting double-stranded RNA molecule is exposed to destruction with subsequent formation of single-stranded fragments 21-25 bps long (short interfering RNA), which interact with mRNA of the target gene due to complementarity. As a result, there are new double-stranded RNA molecules that are also subject to destruction [34] [35] [36] .
In recent years, RNA interference technology has been extensively used to improve the nutritional value of a number of cereals, particularly corn and sorghum, as well as to obtain new information about the mechanisms of protein bodies' formation, the endosperm structure, and the role of various classes of prolamins and glutenins in determining properties of flour and dough.
By means of ballistic transformation using a genetic construct, which contained the -gliadin gene fragment sequences in direct and reverse orientations, separated by the intron UbiI, seven transgenic plants with silencing of the -gliadin gene were obtained from two lines of the wheat cultivar Bobwhite [37] . Further on, the construction for RNA silencing was moved via crossings into the genomes of other three bread wheat cultivars that led to an increase in the number of high and low molecular weight glutenins and SDS sedimentation value as a result of silencing [38] . It is noteworthy that such an effect of silencing γ-gliadin gene was not found in the gene pool of the Bobwhite 208 cultivar.
Other experiments with the use of genetic constructs for RNA silencing of the genes of -and -gliadins revealed repression of the synthesis of all gliadin classes (up to 86.8 % compared with that observed in the original non-transgenic plants) [8] . Abnormalities in the development of protein bodies which had an irregular shape have been identified in these lines, whereas repression of the synthesis of γ-gliadin alone did not change the shape of these structures. In lines carrying a genetic construct targeted at silencing genes of -and -gliadins, an increase in the content of globulins was seen. It was also reported the development of a transgenic wheat with silencing of the -gliadin gene, and this wheat was characterized by a high flour strength index and increased baking volume [39] .
Transgenic wheat lines harbouring the genetic construct for silencing -5-gliadin gene were obtained [40] . The content of -5-gliadin in two lines was decreased by 80 %, while the synthesis of other gluten proteins was not altered. At the same time, two other lines showed both complete suppression of the -5-gliadin synthesis and down-regulation of -1,2-gliadins. Moreover, one of the lines also demonstrated the decreased synthesis of three proteins from the high molecular glutenins and one low molecular weight glutenin (s-type LMW-GS), and simultaneously increased content of two other low molecular weight glutenins (m-type LMW-GS) and several -gliadins. This study clearly demonstrates that the same construct for RNA silencing may cause different effects depending on the gene pool.
It should be noted that the flour of transgenic wheat lines with suppressed synthesis of gliadins is less toxic for people suffering from celiac disease and forced to keep a gluten-free diet. It has been showed that the gluten proteins in transgenic wheat lines with silencing of genes of -, -and -gliadins may reduce the formation of epitopes (DQ2 and DQ8) [41] specifically associated with the celiac disease and recognized by T-cells. Therefore, transgenic wheat with suppressed synthesis of gliadins may be used in food by people with celiac disease who are not able to consume products based on conventional wheat, rye and barley flour.
In corn, using genetic constructs harbouring inverted repeats of genes of -zeins (19 kDa and 22 kDa), transgenic lines with suppressed synthesis of these proteins were obtained [42, 43] . It was found that repression of the synthesis of zeins possessing a relatively low nutritional value leads to accumulation of other proteins with a higher nutritional value. Corn plants with gene silencing of -zeins were characterized by doubled content of essential amino acids tryptophan and lysine in the kernels.
These experiments have found that silencing gene of -zein with a molecular weight of 22 kDa resulted in the formation of the floury endosperm. Such a modification in the type of endosperm was associated with abnormalities in the formation of the structure of protein bodies, namely the violation of embedding a 19 kDa -zein into the centre of a protein body, or a modification of its interaction with -and -zeins [42] .
Later on, RNA interference of genes of various zein fractions in the QPM maize line with a vitreous endosperm allowed obtaining a variety of mutants with different variations in the protein body structure and types of endosperm [44, 45] . It has been demonstrated that silencing of the -zein gene plays an important role in the formation of the floury endosperm, which results in a modification of the protein body structure and a change of their relationship with the starchy granules [45] .
A thorough study of various zein subclasses, using the RNA interference technique, has revealed their role in the formation of the vitreous endosperm and development of protein bodies in corn [46] . Thus, it was found that a 27 kDa -zein is involved in the initiation of protein body formation. Other proteins belonging to the family of -zeins operate at the stage of protein body growth. Cosuppression of two -zeins (19 kDa and 22 kDa) significantly inhibits the outgrowth of protein bodies, but does not induce their morphological anomalies, which do arise from the reduction of a 22 kDa -zein alone. The simultaneous suppression of all zein classes leads to a decrease in the number of protein bodies, which at the same time retain their normal size and morphology.
A large number of experiments on the induction of RNA silencing of kafirins in sorghum was carried out by several research groups. The main purpose was to suppress the synthesis of a poorly digestible -kafirin and develop sorghum lines with improved nutritional value. RNA silencing was induced by genetic constructs containing inverted repeats of several genes of kafirins (2, 1, 2 or 1, 2, 1, 2) separated with a sequence of ADH1 (aldehyde dehydrogenase 1) intron. These constructs were controlled by a promoter of the maize -zein (19 kDa) gene [14, 47, 48] . In another study [33] , for induction of -kafirin gene silencing, a genetic construct comprising the complete sequence of the -kafirin gene was used, controlled by the -kafirin promoter, with the gene sequence of the ribozyme (self-cleaving ribozyme) of tobacco ringspot virus as the terminator. -Kafirin silencing was induced by a construct consisting of the inverted repeats of the -kafirin separated with an intron sequence of the Arabidopsis gene encoding the D1 protein of spliceosome; the construct was controlled by the -kafirin promoter [33] . All research groups succeeded in obtaining transgenic lines of sorghum with a floury type of endosperm and improved pepsin digestibility of kafirins. Unfortunately, the floury endosperm is a disadvantage of these lines, since the absence of a vitreous layer increases the fragility of kernels and reduces their resistance to fungal microflora.
By means of transformation using the Agrobacterium strain GV3101, carrying a genetic construct pNRKAFSIL, to induce RNA silencing of -kafirin gene, we managed to obtain transgenic lines of sorghum with in vitro improved digestibility of grain storage proteins and a modified amino acid composition (i.e., increased relative lysine content) [49] . The construct pNRKAFSIL developed in the «Bioengineering» Centre of RAS (Moscow; authors N.B. Ravin and A.L. Rakitin) was a hairpin insert consisting of the -kafirin gene fragments in direct and reverse orientations, with an intron of the maize ubiquitin gene located between them; the construct was controlled by a constitutive 35S promoter of cauliflower mosaic virus (CaMV). In vitro digestibility of proteins showed that in the transgenic plants the flour is characterized by higher values compared to the original sorghum line (Zheltozernoe 10 cultivar) (Fig. 1) . In some transgenic plants, the level of proteins that were not digested by pepsin was 4.7 times lower, and amount of the undigested monomers of kafirins was 17.5-fold lower than that in the original line. However, digestibility (total score of the protein cleavage) has reached 90-92 % compared to that in the control untreated with pepsin, whereas the score in the original non-transgenic line was 60-61 % [49] . Increased digestibility was observed in plants from different generations (T 1 -T 3 ) thus being inherited.
It is noteworthy that we obtained both plants with a floury type of endosperm and forms with a vitreous or modified endosperm type, which combined high digestibility score of kafirins with the presence of a vitreous layer in the endosperm (Fig. 2) . The obtained transgenic plants are of great interest for the breeders as the vitreous layer is required to protect kernels from pathogens and mechanical damage. It should be noted that the structure of the protein bodies, which determines the digestibility and nutritional value of the sorghum grain, has been changed in the transgenic lines with the -kafirin gene silencing. Protein bodies in the endosperm of conventional sorghum line plants have a regular rounded shape, while the shape of these structures in the transgenic lines or mutants with high digestibility is irregular, with protrusions and grooves on their surfaces [14, 50] . At the same time, the -kafirin silencing has not changed the form of protein bodies [33, 47] .
The RNA interference technique was used to study the mechanism of the formation and structure of protein bodies in rice. Using a genetic construct for silencing the gene of one of the prolamins, CysR10 (a 10 kDa prolamine rich in cysteine), it was shown that this protein is a constituent part of the prolamine-containing protein bodies. In a line with RNA silencing, protein bodies lost their characteristic spherical configuration [51] .
Changes in the shape and size of prolamine-containing protein bodies have been observed in transgenic rice plants with the gene silencing of a 13 kDa prolamine [52] . In these transgenic plants, protein bodies were smaller and deprived of their characteristic lamellar structure. Moreover, it has been observed an elevation in the content of other proteins (a 10 kDa prolamine, glutelins, chaperone) and free lysine that increased the nutritional value of the grain. It has also been showed that gene silencing of a 13 kDa prolamine increases the total lysine content up to 56 % as a result of a compensatory rise in the synthesis of lysine-rich glutelins, globulins and chaperones [53] .
Of interest, there has been identified a natural mutation Lgc1 (low glute-lin content) in rice, which reduces the amount of glutelin in kernels, probably by means of RNA interference. In the Lgc1 locus, a deletion was detected between two sequences of the glutelin gene, one of which had a reverse orientation. Such a structural organization of the locus during its transcription may result in the formation of a double-stranded RNA molecule, i.e. of the RNA silencing inductor [54] . Thus, the Lgc1 mutation is a good example of the naturally occurring RNA silencing, and one of the arguments in favour of genetic engineering using the processes taking place in nature and occurring without human intervention. C h a n g e s i n t h e c o n t e n t o f e s s e n t i a l a m i n o a c i d s. Genetic engineering techniques are quite promising for enrichment of cereal grain with essential amino acids, i.e. lysine, tryptophan, methionine. By using endospermspecific promoters, expression of the desired genes may be provided exactly in the kernels, rather than in somatic tissues where the increased content of the mentioned amino acids may lead to developmental abnormalities [55] . However, to date, successful results in changing amino acid composition of cereal grains by genetic engineering were obtained only for lysine. To increase the content of this amino acid, various genetic engineering approaches have been used, i.e. the introduction of genes enhancing its synthesis; suppression of genes regulating the catabolism of lysine; inhibition of synthesis of proteins with a low content of lysine, which results in the initiation of lysine-rich protein synthesis in the endosperm; the introduction of genes that regulate the synthesis of proteins rich in lysine.
Lysine biosynthesis is triggered by dihydro dipicolinate synthase enzyme (DHDPS, KF 4.2.1.52). Its special feature is the response to inhibition by the end-product, which allows maintaining the concentration of lysine in the plant cells at a steady level [55] . However, a modified enzyme DHFPS called CordapA, non-responsive to inhibition by the end-product, was isolated from bacteria Corynebacterium glutamicum [56] . By means of Agrobacterium-mediated transformation, a transgenic maize line M27908 harbouring the CordapA gene was derived, where the content of free lysine increased more than 50-fold [57] . The crossing of the maize lines with RNA silencing of the -zein (19 kDa) gene with the M27908 line carrying the gene CordapA allowed to obtain F 1 hybrids, in which the total content of lysine in the kernels increased up to 6.9-8.5 % of the total amino acid content (vs 3.3 % to 3.4 % in the control) [57] . Therefore, a combination of two approaches (inhibition of lysine-deficient protein synthesis and the introduction of a gene that enhances the synthesis of this amino acid) allowed developing the hybrid maize with doubled lysine content in the kernel.
The catabolism of lysine is controlled by two enzymes, i.e. by lysine:-ketoglutarate reductase (LKR, KF 1.4.3.2, EC 1.5.1.8) and saccharopine dehydrogenase (SDH, EC 1.5.1.9), which are products of a single gene lkr/sdh [5] . Using a genetic construct inducing RNA silencing of the zlkr/sdh gene, transgenic plants were obtained in maize, which boasted a 20-fold elevation in the lysine content compared to non-transgenic controls [58] . Subsequently, using a shared cassette which contained the CordapA gene enhancing the biosynthesis of lysine, and a genetic construct which induces RNA silencing of the zlkr/sdh gene and thereby reduces the catabolism of lysine, there have been obtained transgenic corn plants with a 40-fold increase in this amino acid level in kernels [59] .
It has been reported the development of transgenic rice plants with genes enhancing the synthesis of lysine, which encode an unresponsive to inhibition by lysine aspartate kinase (EC 2.7.2.4, EC 2.7.2.4) and dihydro dipicolinate synthase (EC 4.2.1.52), and constructs that induce RNA interference of the lkr/sdh gene, which controls the catabolism of lysine [60] . There has been recorded a 60-fold increase in free lysine content in the seeds and a 12-fold increase in the leaves of these plants. Any significant alteration in the plant development and seed germination was not shown.
As mentioned above, another way to enrich the kernels of corn and sorghum with lysine and tryptophan is to inhibit the synthesis of zeins, which contain low amount of these amino acids. The resulting compensatory effect in the kernels provides enhanced synthesis of non-zein proteins, which are richer in lysine and tryptophan [61] . A similar process was observed in transgenic sorghum lines with suppressed synthesis of kafirins and resulting enhanced synthesis of non-kafirin proteins in the kernels [33, 47] .
In recent years, an approach based on the introduction of genes that regulate the synthesis of proteins rich in lysine has been used to develop lines of cereals with a high content of lysine. However, to provide the expression of such genes in the endosperm, the genetic construct includes the endosperm-specific promoter and, in some cases, a signal sequence directing the synthesized protein into the protein bodies. Transgenic rice plants were obtained just this way, with enhanced expression of genes encoding the synthesis of high lysine histones RLRH1 and RLRH2 in the seeds. Transgene transcription was ensured by the promoter of the rice glutelin 1 gene. The lysine content in the obtained transgenic plants has increased by 35 % [62] . In another study, the wild potato (Solanum berthaultii) gene sb401 encoding a lysine-rich protein of pollen cytoskeleton was inserted into the corn genome. As a result, the lysine content increased in the progeny of different transgenic plants by 16 .1 % to 54.8 % as compared to the original non-transgenic line, and the total protein content increased by 11.6 % to 39.0 %; moreover, increased amount of lysine and protein was consistently inherited in six generations [63] . In another study, in transgenic plants of corn with a cotton gene (Gossipium hirsutum L.) GhLRP regulating the synthesis of lysinerich protein the lysine content increased by 65 % compared to a non-transgenic one [64] . It should be noted that the potential allergenic potency of these proteins had been eliminated before the work started, by means of test for homology with known allergenic sequences.
When discussing the prospects of practical application of genetic engineering techniques to create cultivars of cereal crops with improved nutritional value of the grain, it should be noted that the first transgenic corn cultivar LY038 with a higher lysine content was marketed in 2005 [55] . Negative public opinion and concerns about possible harmful effects of genetically modified foods on human health and the environment remain an obstacle to a wider distribution of transgenic cultivars. However, it is obvious that, with improvements of the methods for producing transgenic plants (e.g. using markerless technologies) [65, 66] , enhancements in the accuracy of insertion of genetic constructs [67] , and application of genome editing methods using artificially engineered nucleases [68] , the number of transgenic cultivars of cereals improved on the targeted characteristics (in particular, the nutritional value) will be increasing as these experiments use DNA sequences encoding the beneficial and safe for humans products, with genetic engineering techniques of breeding based on naturally occurring processes.
Thus, the use of genetic engineering methods opens up great opportunities for the modification of the grain storage protein composition in cereals. These exploratory research studies are critical for solving theoretical problems associated with understanding endosperm development and mechanisms of the synthesis and accumulation of essential nutrients, i.e. protein and starch, in ontogeny. In addition, they have a direct practical way, because they allow creating nutritionally improved cultivars and lines to be used in foods and for forage production.
